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Probiotics in human medicine

R Fuller

Probotics have been with us for as long as people
have eaten fermented milks, but their association
with health benefits dates only from the turn of
the century when Metchnikoff drew attention to
the adverse effects of the gut microflora on the
host and suggested that ingestion of fermented
milks ameliorated this so called autointoxication.
Later work, based on the assumption that
colonisation of the gut was essential for the
maximum effect, used intestinal strains ofLacto-
bacillus acidophilus for treatment ofconstipation.1
The use of the term 'probiotic' to describe

food supplements specifically designed to
improve health, however, dates from 1974 when
Parker used it to describe growth promoting
animal feed supplements. He defined the term as
'organisms and substances which contribute to
intestinal microbial balance'. I have recently2
revised this definition to read, 'A live microbial
feed supplement which beneficially affects the
host animal by improving its microbial balance'.
This definition stresses the importance of
viability and avoids the use of the too broad term
'substances' which could even include
antibiotics.

This report uses the revised definition and
considers the evidence for the effect of live
preparations on the human host. It also presents
some evidence from work with animals which is
helpful in understanding the potential benefits of
this sort of treatment.
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Protecting effect of the gut microflora
The belief in the beneficial effects of the pro-
biotic approach is based on the knowledge that
the intestinal microflora provides protection
against various diseases. The evidence for this is
incontrovertible and comes from several sources.

Firstly, it can be shown that germ free animals
are more susceptible to disease than are their
conventional counterparts who carry a complete
gut flora. This difference has been shown for
infections caused by Salmonella enteritidis3 and
Clostridium botulinum.4 For obvious reasons this
sort of comparison cannot be made in human
subjects, but it is reasonable to assume that at
least some of these results would apply also to
man.

Another source of evidence that supports the
protective effect ofthe gut flora is the finding that
antibiotic treated animals, including humans,
can become more susceptible to disease. In
humans the disease pseudomembranous colitis,
caused by Clostridium difficile, is almost always a

consequence of antibiotic treatment.5 In rodents
antibiotics have been shown to predispose to

infections with Salmonella typhimurium6 Shigella
flexneri, Vibrio cholerae,7 and C botulinum.8
The third source of supporting evidence

comes from experiments in which dosing with
faecal suspensions has been shown to prevent
infection. In humans it has been shown that C
difficile infection can be reversed by administer-
ing faecal enemas derived from a healthy human
adult. '0' In chickens it has long been known that
dosing newly hatched chicks per os with faecal
suspension from adult hens can prevent the
establishment of salmonellae in the gut.'2

It is also possible to show under in vitro
conditions that isolates of intestinal bacteria
inhibit pathogenic bacteria. For example, gut
isolates of bifidobacteria, lactobacilli, pro-
pionibacteria, and enterococci inhibited C botu-
linum'3; C difficile was inhibited by a variety of
intestinal bacteria. '4 Although it is frequently
impossible to transpose in vitro results to the in
vivo situation, these findings do suggest that
specific organisms in the gut have the potential to
control the growth of pathogens.

Although there seems no doubt that the gut
microflora is protective, in order to produce an
effective probiotic we must know which micro-
organisms are responsible for this effect. Here
the evidence is less convincing. When defined
microfloras are tested in gnotobiotic animals, the
resistance produced is often less than that
obtained in the fully conventional animal.'5 16 We
should remember, however, that under practical
conditions the gut microflora may be deficient
only in one or a few of the many bacterial species
which are necessary to provide the full resistance
to disease. Although lactobacilli established in
chickens as monoassociates will not protect
against colonisation by Salmonella,'7 their
omission from the protective microflora results
in decreased resistance.'8 So we may not need to
add all the bacteria involved in protection in
order to restore the full resistance state.

Factors affecting the natural gut microflora
Under natural conditions a protective gut micro-
flora develops and there is no need for a probiotic
supplement; but humans and farm animals live
under rather unnatural conditions. We eat a
great deal of processed and in many cases sterile
food which may affect our access to, and colonisa-
tion by, certain types of bacteria. We also
consume antibacterial substances ranging from
vinegar to antibiotics. Probiotics have a role in
alleviating post antibiotic treatment syndromes.
B breve is an organism that has given encourag-
ing results in this area. 19 20
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But perhaps the trouble starts earlier when the
baby is born. In the wild state the neonatal
animal gets its intestinal microflora from its
mother and its surroundings. Of these two
sources the mother is by far the more important
since she has intimate contact with the baby and
provides bacteria which are already adapted to
growth in the intestinal tract. In the hospital and
home environment, however, great efforts are
made to prevent the transfer of micro-organisms
from the mother to the infant. Indeed, if contact
with the mother is restricted by caesarian
delivery and maintenance in an incubator, the
incidence of lactobacilli in the gut is measurably
reduced.2' Under normal conditions of delivery
there is transfer of faecal bacteria from the
mother to the baby in spite of high standards of
hygiene.22 Even so the transfer will be less than
that under completely natural conditions. Of
course we cannot relax the high standards of
hygiene that are currently practised in hospitals,
but we can consider restoring the gut flora by
administration of specific bacteria.

Composition of probiotics
The probiotic preparations currently on the mar-
ket are in the main based on lactic acid bacteria
(lactobacilli, streptococci, and bifidobacteria).
These three genera have been shown to be
important components of the gastrointestinal
microflora and are all relatively harmless. It has
also been shown experimentally that administra-
tion of Escherichia coli to babies can prevent the
colonisation of the gut by antibiotic resistant
strains of Ecoli.23 A probiotic preparation may
contain one or several different strains ofbacteria.
The strains of lactic acid bacteria used in

probiotics are mostly intestinal isolates such as
L acidophilus, L casei, Enterococcus faecium and
Bifidobacterium bifidum. Yoghurt starter bacteria
(L bulgaricus and Streptococcus thermophilus)
are also included because yoghurt has been
associated with health benefits in the past. How-
ever, the ability of the yoghurt bacteria to
colonise the gut is extremely doubtful, although
they can persist and remain viable throughout
the gastrointestinal tract, of rats. The necessity
for continuous ingestion im these cases is obvious.
Even with intestinal isolates such asL acidophilus,
it is necessary to dose regularly rather than to
assume that a few doses will allow the organism
to colonise the gut permanently. Work in the
USA illustrates this point: when L acidophilus
was fed to human patients there was a significant
reduction in the activity of the bacterial enzymes
,B glucuronidase, nitroreductase, and azoreduc-
tase. This reduced activity, however, persisted
only as long as the lactobacillicus supplement
was being fed; when it was stopped the enzyme
activity slowly returned to the presupplementa-
tion values.24

Similarly, if lactobacilli are administered to
newborn rats there is a significant decrease in
intestinal coliform count, but on stopping the
treatment this returns to normal after a few
days.25 It seems unlikely, therefore, that pro-
biotic bacteria will permanently colonise the
intestine; continuous feeding is necessary if a
persistent effect is required.

How probiotics might work
The way in which probiotics work is not known,
but our knowledge of gut microecology suggests
four ways in which they may be operating.

PRODUCTION OF ANTIMICROBIAL SUBSTANCES
These might have the effect of reducing the
number of viable cells or of affecting the meta-
bolism or toxin production of the intestinal
bacteria. There is some evidence for both of
these, although it is often very difficult to rule
out confidently a reduction in count.

Studies with defined floras in gnotobiotic mice
have shown that although the flora introduced
into the mouse failed to eliminate C difficile, it
did protect against colitis and presumably was
suppressing toxin production.'5 Little is known
about the antibacterial substances produced by
lactic acid bacteria in the gut. Volatile fatty acids
produced by the indigenous microflora, ofwhich
lactic acid bacteria form a part, are responsible
for controlling the colonisation of the gut by S
sonnei and enteropathogenic E coli.26 The high
molecular weight antibiotic like inhibitors which
have been detected under in vitro conditions
have never been found in the intestine. Their
very existence has been questioned by some
workers who suggest that they have been con-
fused with primary metabolites like lactic acid
and hydrogen peroxide.27

COMPETITION FOR ADHESION RECEPTORS
It is now accepted that many intestinal pathogens
must be able to adhere to the gut wall if they are
to colonise the gut and produce disease. Conse-
quently, some probiotic strains have been chosen
for their ability to adhere to the epithelial wall
and thus to compete with pathogens for the
adhesion receptors. The potential of this sort of
approach was shown in pigs that had been dosed
with a non-pathogenic adhering strain ofE coli.28
When these pigs were challenged with a patho-
genic strain of the same serotype they were more
resistant to infection than the untreated control
group and it was concluded that the non-patho-
genic strain was occupying the same ecological
niche as the pathogenic strain and that this was
probably due to their binding to the same
adhesion receptors on the gut wall. Although this
trial was successful, it was a very specific effect
that would operate only against E coli with the
k88 antigen, and unfortunately no more work
was done to try to broaden the protective effect.
In the chicken there is evidence that the protec-
tive microflora is gut wall associated because the
bacteria washed from the wall of the caecum
produced the effect.29 Selection of probiotic
strains on the basis of epithelial adhesion, how-
ever, did not ensure permanent colonisation of
the intestinal tract of pigs,30 although it was
shown that adhering strains did persist, albeit in
low numbers.3'

COMPETITION FOR NUTRIENTS
The gut is such a rich source of nutrients that it
may seem unlikely that this is the way in which
the gut flora influences its own composition. We
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should remember, however, that it requires only
one nutrient to be limiting for this mechanism to
operate successfully. In vitro results suggest that
gut micro-organisms compete more efficiently
than C difficile for monomeric glucose,
N-acetyl-glucosamine, and sialic acid found in
the colonic contents.32

STIMULATION OF IMMUNITY
An interesting development in recent years has
been the finding that lactobacilli administered
by mouth can stimulate macrophage activity
against several different species of bacteria. For
example, L casei given per os to mice increased
phagocytic activity.33 Presumably the effect is
produced either by absorption of a soluble
antigen or by translocation of lactobacilli
through the gut wall into the blood stream. It is
known that lactobacilli can translocate in this
way,34 and lactobacilli injected intravenously
will survive in the liver, spleen, and lungs.35 In
the latter case, natural killer cell activity was
enhanced.
An indirect piece of evidence comes from

some work in which it was shown that
Enterococcus faecium (a species used in probiotic
preparations) established as a monoassociate in
gnotobiotic mice reduced the count of S typhi-
murium in the spleen after challenge with this
organism.36

Beneficial effects of probiotics
Although there are claims for beneficial effects of
probiotics in constipation, cancer, heart disease,
and ulcerative colitis they will not be dealt with
here because the evidence is almost exclusively
from laboratory animals and this is not always
conclusive. What is worth describing are two
examples where the evidence for a positive
beneficial effect in man is very good.

LACTASE DEFICIENCY
A large proportion of the world's population is
unable to utilise lactose. The enzyme responsible
for lactose digestion, although present in the
suckling infant, disappears after weaning. In
areas of the world where milk is not a staple food
it causes no problems, but if people from these
regions migrate to Europe or the USA problems
arise because ingestion of lactose in some form is
difficult to avoid.

It has been known for some time that lactase
deficient subjects could tolerate lactose in
yoghurt better than the same amount of lactose
in milk; this has now been confirmed by
hydrogen breath analysis experiments.37
Although the mechanism remains unknown, it
has been suggested that the yoghurt is supplying
either preformed lactase or bacteria which pro-
duce lactase when they get into the small intes-
tine. It is possible to show increased lactase
activity in the small intestine of rats fed yoghurt;
that this is of microbial origin is shown by the
large increase in activity in the gut contents
compared with the gut wall.38 Early experiments
with L acidophilus improved lactose intolerance,
but the results of subsequent trials have been

variable.39 This variation may be due to dif-
ferences among the strains ofL acidophilus used.
Intestinal infection can produce lactase
deficiency. Yoghurt has been used to restore
lactase activity in the intestine of children with
Giardia lamblia infection.'4

PSEUDOMEMBRANOUS COLITIS
This disease, caused by C difficile, can be cured
by administration of faecal enemas from healthy
adults.>" It is, therefore, concluded that resis-
tance to this disease is dependent on the presence
in the gut of the right flora. There is now
evidence that a particular strain of Lactobacillus
is effective in preventing relapse in pseudomem-
branous colitis patients who have been treated
with antibiotics.4' Another approach that has
shown some success is the administration ofnon-
pathogenic strains of C difficile,'4 which pre-
sumably occupy the niche that the pathogen
would normally expect to find available. The use
ofprobiotics in treatment ofpseudomembranous
colitis has potential because the 'at risk' patients
can be readily identified and treatment can be
started before the onset of the disease.

Future developments
While there is no doubt that gut flora can protect
the host against intestinal disease, we lack good
evidence from controlled clinical trials that the
organisms currently being used as probiotics are
those which are responsible for the beneficial
effects of the gut flora. More trials are needed to
establish the efficacy of those probiotics which
are currently on the market. These trials should
seek to show their effectiveness as prophylactic
rather than therapeutic agents. Probiotics as
formulated at the moment will not replace anti-
biotics as therapeutic agents, but they can be
seen as a means of repairing deficiencies in the
flora induced by dietary and environmental
stress.42 They might render the host more resis-
tant to disease and reduce the frequency of
antibiotic use.
What is also desperately needed is more

research on the way probiotics work. When this
is known we will be able to take a more rational
approach to the selection of strains used in
probiotic preparations. It will also open the way
for genetic manipulation so that an organism's
ability to colonise the gut may be brought
together with the ability of that same organism to
produce the factors responsible for the probiotic
effect.

1 Rettger LF, Chaplin HA.- Treatise on the transformation of the
intestinal flora with special reference to the implantation of
Bacillus acidophilus. 1921, New Haven, Connecticut: Yale
University Press.

2 Fuller, R. Probiotics in man and animals. J Appl Bacteriol
1989; 66: 365-78.

3 Collins FM, Carter PB. Growth of salmonellae in orally
infected germfree mice. Infect Immun 1978; 21: 41-7.

4 Moberg LJ, Sugiyama H. Microbial ecological basis of infant
botulism as studied with germfree mice. Infect Immun 1979;
25: 653-7.

5 Bartlett JG, Chang TW, Gurwith M, Gorbach SL, Onderdonk
AB. Antibiotic-associated pseudomembranous colitis due to
toxin-producing clostridia. N EnglJf Med 1978; 298: 531-4.

6 BohnhoffM, Drake BL, Miller CP. Effect of streptomycin on
susceptibility of intestinal tract to experimental salmonella
infection. Proceedings of the Society for Experimental Biology
andMedicine 1954; 86: 132-7.



442 Fuller

7 Freter R. Experimental enteric shigella and vibrio infection in
mice and guinea pigs. J Exp Med 1956; 104: 411-18.

8 Burr DH, Sugiayma H, Harvis G. Susceptibility to enteric
botulinum colonisation of antibiotic-treated adult mice.
Infect Immun 1982; 36: 103-6.

9 Bowden TA, Mansberger AR, Lykins LE. Pseudomem-
branous colitis: mechanism for restoring floral homeostasis.
AmSurg 1981; 47: 178-83.

10 Eiseman B, Silem W, Boscomb WS, Kanov AJ. Faecal enema
as an adjunct in the treatment of pseudomembranous
enterocolitis. Surgery 1958; 44: 854-8.

11 Schwan A, Sjolin S, Trottestam U, Aronsson B. Clostridium
difficule enterocolitis cured by rectal infustion of normal
faeces. ScandjInfectDis 1984; 16: 211-215.

12 Nurmi IE, Rantala M. New aspects of Salmonella infection in
broiler production. Nature 1973; 241: 210-11.

13 Sullivan NM, Mills DC, Riemann HP. Arnon SS. Inhibitions
of growth of Clostridium botulinum by intestinal microflora
isolated from healthy infants. Microbial Ecology in Health
and Disease 1988; 1: 179-92.

14 Borriello SP. The application of bacterial antagonism in the
prevention and treatment of Clostridium difficile infection of
the gut. In: eds Hardie JM, Borriello SP Anaerobes Today
1988, London; John Wiley & Sons: 195-202.

15 Wilson K, Moore L, Patel M, Permoad P. Suppression of
potential pathogens by a defined colonic microflora. Micro-
bial Ecology in Health and Disease 1988; 1: 237-43.

16 Syed SA, Abrams GD, Freter R. Efficiency of various
intestinal bacteria in assuming normal functions of enteric
flora after association with germ-free mice. Infect Immun
1970; 2: 376-86.

17 Soerjadi AS, Stehman SM, Snoeyenbos GH, Weinack OM,
Smyser CF. The influence of lactobacilli on the competitive
exclusion of paratyphoid salmonellae in chickens. Avian Dis
1981; 25: 1027-33.

18 Impey CS, Mead GC, George SM. Competitive exclusion of
salmonella from the chick caecum using a defined mixture of
bacterial isolates form the caecal microflora ofan adult bird.
J Hygiene 1982; 89: 479-90.

19 Tanaka R, Watanabe K, Takayama H et al. Effect of adminis-
tration of bifidobacterium preparation on antibiotic-
associated infantile protracted diarrhoea. Proceedings ofV I
Riken Symposium on the Intestinae Flora. 1985; 43-64.

20 Hotta M, Sato Y, Iwata S et al. Clinical effects of Bijidobac-
terium preparations on pediatric intractable diarrhoea. KeioJ
Med 1987; 36: 298-314.

21 Hall MA, Cole CB, Smith SL, Fuller R, Rolles CJ. Factors
influencing the presence of faecal lactobacilli in early
infancy. Arch Dis Child 1990; 65: 185-8.

22 Tannock GW, Fuller R, Hall MA, Smith S. Plasmid profiling
of members of the family of enterobacteriaciae, lactobacilli
and bifidobacteria to study the transmission of bacteria from
mother to infant. J Clin Microbiol 1990; 28: 1225-8.

23 Duval-Iflah Y, Ourier M-F, Moreau C, Daniel N, Gabilan J-C,
Raibund P. Implantation precoce d'une souche de
Escherichia coli dans l'intestin de nouveau-nes humains: effet
de barriere vis-a-vis de souches de E coli antibioresistantes.
Annals de microbiologie (Institut Pasteur) 1982; 133A:
393-408.

24 Goldin BR, Gorbach SL. The effect of milk and lactobacillus
feeding on human intestinal bacterial enzyme activity. Am
.7 Clin Nutr 1984; 39: 756-61.

25 Cole CB, Fuller R. A note on the effect of host specific
fermented milk on the coliform population of the neonatal
rat gut.J Appl Bacteriol 1984; 56: 495-8.

26 Pongpech P, Hentges DJ. Inhibition of Shigella sonnei and
enterotoxigenic Escherichia coli by volatile fatty acids in
mice. Microbial Ecology in Health and Disease 1989; 2:
153-61.

27 Ten Brink B, Minekus M, Bol J, Huis in t'Veld JHJ.
Production of antibacterial compounds by lactobacilli.
FEMS Microbiol Rev 1987; 46: 64.

28 Davidson JN, Hirsh DC. Bacterial competition as a means of
preventing diarrhea in pigs. Infect Immun 1976; 13: 1773-4.

29 Stavric S, Gleeson TM, Blanchfield B, Pivnick P. Role of
adhering microflora in competitive exclusion of Salmonella
from young chicks. Journal of Food Protection 1987; 50:
928-32.

30 Jonsson E. Persistance of Lactobacillis strain in the gut of
suckling piglets and its influence on performance and health.
Swedish Journal ofAgricultural Research 1986; 16: 43-7.

31 Pedersen K, Tannock GW. Colonisation of the porcine
gastrointestinal tract by lactobacilli. Appl Environ Microbiol
198.9; 55: 279-83.

32 Wilson KH, Perini F. Role of competition for nutrients in
suppression of Clostridium difficile by the colonic microflora.
Infect Immun 1988; 56: 2610-14.

33 Perdigon G, De Macias MEN, Alvarez S, Oliver G, DeRuiz
Holgada AAP. Effect of perorally administered lactobacilli
on macrophage activation in mice. Infect Immun 1986; 53:
404-10.

34 Berg RD. Translocation of indigenous bacteria from the
intestinal tract. In: ed Hentges DJ, Human Intestinal Micro-
flora in health and Disease 1983; New York: Academic Press,
333-52.

35 Bloksma N, Ettekoven H, Hofhuis FM, van Noorle-Jansen L,
DeReuver MJ, Kreeftenberg JG, Willers JM. Effects of
lactobacilli on parameters of non-specific resistance of mice.
Med Microbiol Immunol 1981; 170: 45-53.

36 Roach S, Tannock GW. Indigenous bacteria that influence the
number of Salmonella typhimurium in the spleen of intra-
venously challenged mice. Can J Microbiol 1980; 26:
408-11.

37 Kolars JC, Levitt MD, Aouji M, Savaiano DA. Yoghurt - an
autodigesting source of lactose. N Engl Jf Med 1984; 310:
1-3.

38 Garvie El, Cole CB, Fuller R, Hewitt D. The effect of yoghurt
on some components of the gut microflora and on the
metabolism of lactose in the rat. J Appl Bacteriol 1984; 56:
237-45.

39 Kim HS, Gilliland SE. Lactobacillus acidophilus as a dietary
adjunct for milk to aid lactose digestion in humans. J Dairy
Sci 1983; 66: 959-66.

40 Pettoello Mantovani M, Guandalini S, Ecuba P, Corvino C, di
Martino L. Lactose malabsorption in children with sympto-
matic Giardia lamblia infection: feasibility of yoghurt
supplementation.3JPed Gastroenterol 1989; 9: 295-300.

41 Gorbach SL, Chang T-W, Goldin B. Successful treatment of
relapsing Clostridium difficile colitis with lactobacillus GG.
Lancet 1987; ii: 1519.

42 Tannock GW. Effect of dietary and environmental stress on
the gastrointestinal microbiota. In: Hentges DJ. ed. Human
Intestinal Microflora in Health and Disease. 1983, New York:
Academic Press, 517-39.


